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We report an experimental observation of how the presence of an impurity in a
quasi-one-dimensional wire influences the quantized conductance. The impurity is a chemically
etched nanohole, relative to which the walls of the wire can be tuned via external gate voltages.
Depending on the positions of the sidewalls, resonance features are observed in the quantized
conductance due to either the multiple scatterings between the impurity and the wall of wire or the
channel interference. Meanwhile, the differential conductance exhibits the well-known half-plateau
features in a single channel wire or saturates in a wire with coupled two channels. © 2009 American
Institute of Physics. DOI: 10.1063/1.3067995
One of the paradigms of mesoscopic physics is the quan-
tization of the conductance G of quantum wires in units of
2e2 /h.1,2 It is therefore of great interest to investigate the
transport properties of a ballistic wire containing impurities
since an impurity could destroy G quantization. For a
quasi-one-dimensional quasi-1D ballistic wire, G can be
described by the multichannel Landauer formula G
= 2e2 /hTmn, where the summation extends over only the
propagating modes m ,n and Tmn represents the transmis-
sion probability of an electron passing from mode m on the
source lead into mode n on the drain lead.3,4 Numerous cal-
culations have been done to evaluate the effect of impurity
scattering on Tmn. In general these theoretical models can be
classified into two categories, depending on the size of the
impurity d. For dF F is the wavelength of electrons at
Fermi energy F, the effect on G of mode mixing or inter-
channel scattering induced by the impurity potential is
considered.5–9 In the other limit, dF, the impurity is
treated as a larger obstacle that scatters the electrons into two
channels. Tmn is described as coupled quantum wires and G
would be greatly influenced by both the channel interference
and disorder scattering.10 Regardless of the size of the impu-
rity, these theoretical models predict that the scattering of
electron waves would produce various resonance phenom-
ena, such as the imposition of extra oscillatory features on G.
The resonance parameters include the strength, shape, and
position of the impurity potential. For the dF case, it is a
challenging task to experimentally confirm these theoretical
predications because it is very difficult to reliably control the
resonance parameters in a nanometer-scale impurity.11 On
the other hand, it is experimentally feasible to observe the
obstacle scattering for the dF condition. Nevertheless, no
such experiment has been reported to date.
Here we investigate the effects of impurity scattering in
a ballistic quasi-1D quantum wire. The aperiodic resonance
structures are found to be superimposed on G plateaus. The
nonlinear conductance measurement reveals signatures of the
energy spectrum of the scattering electrons.
The device shown in the inset of Fig. 1a consists of an
islandlike impurity with a diameter of about 180 nm embed-
ded in a rectangular quantum wire, whose width and length
are about 800 nm and 1.47 m, respectively. The device is
made on a GaAs/AlGaAs heterostructure with a two-
dimensional electron gas 2DEG of carrier density n=1.8
1011 cm−2 and mobility =8.6105 cm2 /V s at 4.2 K.
The quasi-1D quantum wire is formed in a narrow constric-
tion between two reservoirs by split-gate structures in a
2DEG. A wider rectangular wire and the impurity are defined
by wet etching and the evaporation of metal gates into the
etched regions. Two narrower channels or quasi-1D wires
with a width of 310 nm, denoted as quantum point con-
tacts 1 QPC1 and 2QPC2, are formed in the constriction
regions between the rectangular wire and the impurity. The
channel width of the QPCs could be separately controlled by
gating voltage V1 and V2 see the inset in Fig. 1. The first
subband energy E1 of a QPC can be estimated as E1
3 meV,12 which gives F86 nm; therefore, dF in
our experiment.
Measurements were performed on two devices that
displayed qualitatively similar characteristics in several
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FIG. 1. Color online a Plots of the conductance patterns of the device,
displayed in the V1-V2 plane. The data are taken by scanning V1 from 1.2
to 0.45 V in steps of 2.5 mV at a fixed value of V2, which increases from
1.2 to 0.45 V in steps of 5 mV. The inset shows a scanning electron
micrograph of the device reported. b A schematic to illustrate the mode
configurations at a few representative conductances, indicated by letters in
the V1-V2 plot. The gray regions represent the depletion area and the arrows
represent the propagating modes in the wire.
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cooldowns in a dilution fridge with a base temperature of
30 mK. Due to space limitations, however, the experimen-
tal results described below are mainly obtained from one
device. The linear-response conductance is taken by applying
a low-frequency ac bias voltage Vrms10 V 17 Hz to the
source contact, while the drain lead is grounded. The 2DEGs
that exist on either side of the gate contribute a resistance of
300 	 in series with the resistance of the quasi-1D con-
strictions. This series resistance has been subtracted from the
raw data to give the corrected two-terminal conductance dis-
cussed below. The differential conductance, g=dI /dVSD, was
measured as a function of a dc source-drain voltage VSD and
the gate voltage V1 or V2.
Figure 1a displays a two-dimensional plot of G ob-
tained by scanning the gate voltages V1 and V2. For V1 and
V2−0.8 V, both QPC channels are closed. Due to the
slight coupling capacitance between the two gates, the pinch-
off voltages of QPC1 QPC2 shift with V2 V1, resulting in
an inclined border line in the V1-V2 plot. The characteristic
features of G are rather symmetric with respect to the V1
=V2 line in the conductance map, suggesting that the channel
characteristics of the two QPCs are similar.
If V1 or V2 −0.8 V, QPC1 or QPC2 is pinched off,
and G shows quantization steps originating from QPC2 or
QPC1. Each G step, evolving along with V1 and V2, pro-
duces a strip pattern. When V1 and V2−0.8 V, both QPC
channels are opened, and G shows a diamond pattern, sug-
gesting G is dominated by the superposition of the channel
conductance of the two QPCs. The modes involved in G can
be traced back to which QPC channels from the track of the
strip pattern. Figure 1b illustrates the configurations of a
few specific propagating modes in the channels, labeled by
the letters in Fig. 1a. On further reducing the bias of V1 and
V2, the resistance of the two QPCs becomes comparable with
that of the wider wire, 1.6 k	 and the diamond features
are smeared.
To manifest the detailed interference features, Fig. 2a
displays the G-V1 plot for different values of V2. For
V2=−1 V, G shows the typical plateau features of QPC1.
The pronounced mismatch of the constriction regions causes
a Ramsauer-like resonance manifested as a bump on G,
marked by arrows in Fig. 2a. As the QPC2 channel is
gradually opened, the interference effect induced by the
formation of coupled channels starts playing a role. At
V2=−0.7 or 0.6 V, various resonance signals are superim-
posed on G, resulting in a staircaselike but no longer quan-
tized conductance. The general features of these resonance
structures fit well with theoretical models based on channel
interference and multiple scatterings at the interfaces be-
tween two mismatched waveguides.10 The mode-mixing ef-
fect is negligible here because of the slow varying impurity
potential created by the wet etching process. Note that the
Aharonov–Bohm AB interference is unobservable in this
measurement. The scattered electrons are guided by the rect-
angular wall in the present geometry. Therefore, a loop tra-
jectory of the electrons is too ill-defined to accumulate an
AB phase.
To examine the interference mechanism discussed
above, a nonlinear transport measurement is performed. It
has been shown theoretically that nonlinear effects would
smooth out transmission resonances, and shift and degrade
the quantized G plateaus.13 Figure 2b shows the differential
conductance g versus V1 measured at VSD=−0.1 mV. All
resonance features are indeed smeared out by a finite VSD.
Since the observed resonance features can be consistently
controlled by V1 and V2, which vary the location of the disk
impurity, these features are unlikely to be caused by other
imperfections in the device.
Traces of g versus V1 at different VSD and V2 are shown
in Fig. 3. Figures 3a–3c show intensity plots of g. Figures
3d–3f show g-VSD plots, where plateaus in gV1 appear
as accumulations of traces. Figures 3a and 3d illustrate
the single channel case in which only QPC1 contributes to
the conductance. While g
2e2 /h, g shows the zero-bias
anomaly resembling Kondo resonance and splits into a 0.7
plateau value at VSD0.8 mV.14 If g2e2 /h, g is quan-
tized at VSD0 and is driven to half-plateau HP values at
high VSD bias, giving a diamond pattern in Fig. 3a. The
appearance of a HP is clearly manifested in Fig. 3d.
The occurrence of the HP has been interpreted by the
Glazman and Khaetskii model.15 At the low temperature
limit, a nonlinear G can be derived as G= e2 /hTF
+eVSD /2+TF−eVSD /2, where TFeVSD /2 repre-
sents the probability of the flux of electrons moving in the
forward backward directions. At high VSD when the quan-
tum modes in two opposite directions differ by 1, G jumps
by a HP value of e2 /h.
As QPC2 is gradually opened, the interference signals
become more pronounced, as displayed in Figs. 3b and
3c. Increasing the applied voltage VSD alters the energy of
the incoming electrons and the interference of electron
waves, leading to a unique conductance pattern at small
VSD0.4 mV. The detailed features on g are like finger-
prints of the interference signal of the scattered electron
waves. The g traces at VSD0.4 mV shown in Figs. 3e
and 3f emphasize the evolution of the distinct wing shape
of the HP with the conducting modes. The bundling of traces
representing the remnant of the HP feature in Fig. 3e tends
to move to the exact plateau value with VSD, while only a
few low lying modes reside on QPCs. This phenomenon can
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FIG. 2. Color online The conductance G and the differential conductance
g vs gate voltage V1 at various V2 voltages. a The source-drain voltage
VSD=0. Extra oscillations due to the resonance appear on the plateau re-
gions. The conductances beside the letters represent the conductances in the
regions marked by the letters in Fig. 1a. b VSD=−0.1 mV. The resonance
feature disappeared as VSD increased.
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be understood as the result of the addition of two HP values
contributed by two separate QPCs. As the number of propa-
gating modes in the wire increases to n4, g saturates at
high VSD, similar to the case of a single wire in the absence
of impurity scattering.13 Nonlinear conductance fluctuation is
observed for VSD0.5 mV in Figs. 3d–3f. The physical
origin of this G fluctuation is unclear and is left for future
studies.
In summary, we explored the effect of impurity scatter-
ing by investigating the conductance step features in linear
and nonlinear transport measurements in a quasi-1D quan-
tum wire. It is found that the quantization of the conductance
is distorted due to interchannel interference and disorder
scattering. Our data reproduce key expectations of present
theoretical models.
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FIG. 3. Traces of the differential conductance g vs the applied source-drain voltage VSD for different gate voltages V1 and V2. a–c The intensity plot of
g as a function of V1 and VSD. The gray scale bar inside the figures represents the conductance value in units of 2e2 /h. d–f g as a function of VSD with
each trace taken at fixed V2. V1 was changed from 0.47 to 0.8 V in steps of 5 mV between successive VSD sweeps.
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